Variations in beam width caused by diffraction create di£€iculties when estimating material properties from ultrasound signals. Tissue characterization will be more easily performed if a beam that does not diverge over large distances can be produced.
INTRODUCTION
Conventionally, characterizations for tissue acoustic properties are performed with transducers that suffer from beam diffraction. Procedures to overcome beam diffraction are usually very complex and hence computationally inefficient. Estimations of tissue properties would be simplified greatly if a beam that does not diverge over large distances could be produced.
A beam that does not spread was discovered by J. Dumin in 1987 [I] and a J, Bessel nondiffracting beam was realized with an optical experiment (21. Some studies of nondiffracting beams in optics and acoustics have been performed by other investigators (3-111.
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We have developed a ten annular element J, Bessel ultrasonic nondiffracting transducer and have reported measurements of its continuous and pulsed wave fields in water [12] . Its pulse-echo imaging capability has also been reported [13] . In this paper we report the application of the J, Bessel nondiffracting transducer for estimation of backscatter coefficient [14-161. We adapted the data reduction method proposed by Madsen et al. [14] for the estimation of hackscatter coefficients using the J, Bessel nondiffracting transducer. Because of the nonspreading nature of the J, Bessel nondiffracting transducer, the formula for estimating backscatter coefficients in the data reduction method was greatly simplified resulting in more d~stance independent estimations of backscattercoefficients. Good agreement between the hackscatter coefficients estimated by the J,Bessel nondiffracting transducer and the conventional focused Gaussian beam transducer was achieved.
In the METHOD section we present a brief review of the J, Bessel nondiffracting beam and a derivation of a . formula for calculating the bdclocatter coelficients usirig the J,. Rcssel nondiffractine transducer. In the EXPERI-MENTS and ~~~~~~f s e c t i o n s we provide experimental methods and results for estimating the backscatter coefficients of excised human liver samples and RMI413A tissue equivalent phantom.
METHOD
A J, Bessel nondiffracting solution to the scalar wave equation was discovered by J. Dumin in 1987 (11 to be: where U(i, o) is a complex wave field at position i and angular frequency o, J,(ap) is zeroth order Bessel function with the fist kind, a is a scaling parameter which determines the width of the central lobe of the J, Bessel function, Z is axial distance awa from wave sources, B is related to a by 13 = / ' -' a n d c r < w /~ where c is speed of sound.
Following the data reduction method proposed by Madsen et al. [14] , backscatter coefficients can be estimated by the following equation: . Bessel nondiffracting transducer with a narrow hand tone burst excitation will be related directly to the distributions of the hackscatter coefficients. Because of the nonspreading nature of the 1, Bessel beam, the computation requirements are greatly reduced (two one-dimensional integrations in addition to Fourier transforms, see Eq. (5)) as compared to those when using circularly symmetric focused transducers (four-d1men51onal integrations for various trawducer-scattering volume distances are required, see Eqs. (2) and (3)).
EXPERIMENTS Figure 1 shows the experimental system for estimating the backscatter coefficients of scattering objects. A polynomial waveform synthesizer (Model Data 2045) was used to produce 2.5 MHz 5 tone bursts. The tone bursts were amplified to drive a ten element annular array transducer which could be weighted by either stepwise I. Bessel functions or stepwise Gaussian functions along its radius (the differences between the stepwise approximations and exact ones are negligible when Z/D > 1 [13] , where Z and D are axial distance and diameter of the transducer, respectively). The echoes were amplified, 8 bit A/D converted and gated with a time window of width T = 10 ps. The digitized signals (sampling rate was 40 megasamples/second) were stored on disk for signal processing. The system was controlled by a computer which triggered generation of the tone bursts, synchronized scanning of the transducer and data acquisition. Twenty-five A-lines along a 6.25 mm scanning width were collected. Backscatter nondiffracting transducer are very close to those obtained hy the focusd Gaussian beam transducer. This suggests a successful implementation of the data reductinn method for the J, Bessei nondiffracting transducer. In addition, the estimated backscatter coefficients are more distance independent than those obtained by the focused Gaussian beam transducer and the computation requirement is greatly reduced. Tbis demonstrates that the beam of the J, Bessel nondiffracting transducer is nonspreading over large depth of field and is a useEul tool in tissue characterization. Figure 2 shows variations of the hackscatter coefficients with distance. These variations are caused by the complexity of scattering objects and are sensitive to the interference of the incident wave with structures of the scattering objects. For the J, Bessel nondiffracting transducer, narrow band tone bursts will cause a rough variation of the pulse-echo impulse responses along the central axial axis of the transducer. This variation will also contribute to the variations of the backscatter coefficients with distance.
Variations and Standard Deviations
The standard deviations for the hackscatter coefficients measured are quite large. The standard deviations were derived from 25 backscattered signals that were obtained by scanning the transducers in a lateral direction. The large standard deviations mean there are strong inhomogeneities of the scattering objects in the transducer for which the accuracy was verified by scanning direction.
comparing to Faran's theory by other investigators [14] .
In vivo Measurement of Backscatter Coefficients
It is seen from Eq. (5) that for in vivo estimation of the backscatter coefficientswith the J, Bessel nondfiacting transducer, the tim mat ion should be corrected for the tissue attenuation, e4
Therefore, estimation of tissue attenuation coefficients o (w,) which might be a function of < is very important for a quantitative in vivo measurement of backscatter coefficients.
Imagine of Backscaner Coefficients
It may be more useful for medical diagnosis to perform backscatter coefficient imaging. The 1 . Bessel nondiffracting transducer has an advantage that it does not require a diffraction correction when it is used for imaging. For relatively large homogeneous organs (such as human livers), once the attenuation of the tissue in the axial direction is properly compensated, short time FFTs can be applied to A-lines before they form aB-scanimage. Sliding averages of the FFTs in the scanning (lateral) direction at the central frequency of the electrical tone bursts which excite the J, Bessel nondifkacting transducer will form a backscatter coefficient image. The lateral resolution of the backscatter coefficient image will be determined by the length of the lateral sliding average while the axial resolution will depend upon the window width of the time gate used in short time FFTs. The larger the length of the lateral sliding average is, the smaller the standard deviation of the backscatter coefficients and the lower the lateral resolution will be. The larger the window width of the time gate is, the more accurate the estimation of the backscatter coefficients and the lower the axial resolution of the backscatter coefficient imaging will be.
Side Lobes
The amplitudes of the sidelobes of the J . Bessel nondiffracting transducer in pulse-echo imaging are determined by the square of the J, Bessel function [13] . The sidelobes increase the size of the equivalent resolution cell in the lateral direction increasing the correlation between adjacent A-lines and decreasing the resolution in backscatter coefficient imaging. One way to solve the problem is to use Wiener filtering to reduce the sidelobes and hence to increase the lateral resolution prior to the processing to get the backscaner coefficient image.
Because of the nonspreading character of the L Bessel beam, only a few kernels are required to perform twodimensional Wiener filtering for the entire imaging region of interest. 
